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Burner and pilot burner 



Field of the Invention 

5 The invention is based on a burner according to the 
preamble of the first claim. 

The invention is also based on a pilot burner according 
to the preamble of the seventh claim. 

10 Discussion of Background 

Burners, in particular premix burners, are normally 
equipped with an additional pilot burner in order to 
ensure stable combustion over a wide operating range, 
15 in particular at no-load and within the partial-load 
range. 

In the case of the premix burner, a "double-cone 
burner", disclosed by EP 0 321 809 Al, this pilot 
20 burner is realized by fuel being injected in the center 
of the cone. The gas flowing into the interior space of 
the double-cone burner burns in a diffusion flame 
stabilized deep within the interior space of the 
burner . 

25 

EP 0 704 657 A2 discloses a further premix burner in 
which the pilot burner is realized by fuel flowing from 
an annular gas duct having outlet holes inclined 
outward into the outer backflow zone of the combustion 
30 chamber downstream of the burner exit. The outflowing 
gas burns in a diffusion flame stabilized by the jump 
in cross section at the burner exit. 

Both embodiments of burner and pilot burner disclosed 
35 by the abovementioned documents ensure stable 
combustion over a wide range of 10 to 100% pilot-gas 
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proportions. However, these known systems also have 
some disadvantages. 

Even small quantities of, for example, 10% pilot gas 
may lead to markedly increased pollutant emissions, 
5 since the flames work in diffusion operation. This is 
undesirable in particular during part-load operation. 
In order to achieve large extinction distances, pilot- 
gas proportions of up to 100% are necessary, which may 
lead to very high emission values within the starting 

10 range and the low load range. 

In the embodiment of the internal piloting according to 
EP 0 321 809 Al, it is possible in certain designs for 
bimodal flame stabilization to occur during the switch- 
over operation from pilot to premix combustion. That is 

15 to say that the anchoring point of the flame is not 
clearly defined and varies dynamically between pilot 
flame stabilized in the burner and premix flame 
stabilized on the outside, which may lead to the 
excitation of thermoacoustic instabilities. In the 

20 embodiment of the external piloting according to EP 0 
704 657 A2, the stabilizing of the pilot flames in 
annular combustion chambers may be adversely affected, 
since pronounced transverse flows may form in the outer 
recirculation zones in a multiburner arrangement. 

25 

Summary of the Invention 

The object of the invention, in the case of a burner 
and a pilot burner of the type mentioned at the 
30 beginning, is to modify the burner in such a way that 
the abovementioned disadvantages are removed. 

According to the invention, this is achieved by the 
features of the first claim and of the seventh claim. 
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The essence of the invention is thus that a cavity is 
arranged between the swirl generator and the combustion 
chamber, in which cavity a secondary flow can be 
produced. 

5 

The advantages of the invention may be seen, inter 
alia, in the fact that the exhaust gases, acting in a 
stabilizing manner, of the pilot flames are not 
produced by gas flows extending freely into the burner 
10 or combustion space but in a secondary flow of a 
separate cavity, which according to the invention is 
arranged upstream of the burner outlet leading into the 
combustion chamber. 

From the fluidic point of view, a congenial swirl- 
15 shaped hot-gas flow is formed inside this annular 
toroidal interior space. In this case, the gas- and 
secondary-air nozzles distributed over the 
circumference of the toroidal interior space have an 
assisting effect on the congenial swirl flow, which is 
20 primarily imposed by the swirl flow of the main flow. 

An air/gas mixture occurs in the cavity proposed here, 
the air coefficient of this air/gas mixture being 
formed from the setting parameters inflow rate of the 
pilot gas, inflow rate of the secondary air and 
25 turbulent exchange with the premixed air/gas mixture 
from the main flow. 

If this mixture lies within the range of the rich and 
lean extinction limits, the mixture ignites. In the 
embodiment according to the invention, ignition can 
30 always be expected, since the average retention times 
in the cavity exceed the self -ignition times to be 
expected. 

The hot jet produced in this way escapes from the 
cavity at the downstream end and is deflected into the 
35 shear layer of the adjoining expansion. It has the 
desired effect there of additionally stabilizing the 
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swirl premix flame , which is stabilized at the outer 
secondary backflow zone on the one hand and at the 
inner backflow zone on the other hand. 

The congenial swirl flow in the cavity therefore 
5 permits rapid intermixing of fuel and secondary air. A 
combustion rate which has the character of premix 
combustion with very low emissions of NOx, CO and UHC 
is thus achieved in the cavity. The cavity and the 
secondary flow produced in it may therefore also be 
10 used for pure premix combustion, that is to say in 
order to stabilize the flame and avoid pulsations, and 
this without actual pilot functions. 

The combustion stability in the cavity is independent 
of the flow through the main burner; thus very large 
15 variations in the air coefficient can be realized with 
this system. 

The centrifugal-force zone in the cavity reduces the 
convective heat transfer on account of the gas 
centrifuge effect to a minimum. Concave shaping of the 
20 cavity maximizes this effect. As a result, the quantity 
of the cooling medium used can be minimized. 

Further advantageous embodiments of the invention are 
reproduced in the subclaims . 

25 

Brief Description of the Drawing 

Exemplary embodiments of the invention are explained in 
more detail below with reference to the drawings. The 
30 same elements are provided with the same designations 
in the various figures. The direction of flow of the 
media is indicated by arrows. 



In the drawing: 
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Fig. 1 shows a partial longitudinal section through a 
burner according to the invention with adjoining 
combustion chamber. 

5 Only the elements essential for directly understanding 
the invention are shown. 

Ways of Implementing the Invention 

10 In the single fig. 1, a combustion chamber 2 is 
arranged downstream of a swirl generator 1. The swirl 
generator used may be, for example, a premix burner as 
disclosed by EP 0 321 809 Al or EP 0 704 657 A2, which 
hereby form an integral part of this description. The 

15 swirl generator may thus comprise at least two hollow, 
conical sectional bodies nested one inside the other in 
the direction of flow. The respective longitudinal 
symmetry axes of the sectional bodies run offset from 
one another, so that the adjacent walls of the 

20 sectional bodies, in longitudinal extent, form 
tangential ducts, via which the combustion air can 
enter the conical hollow space formed by the sectional 
bodies. Fuel may be injected, for example, via fuel 
nozzles arranged in the conical hollow space or via 

25 lines arranged along the tangentially running ducts. 

The swirl generator 1 may be connected to the 
combustion chamber 2 via a tube 7, the tube serving as 
a mixing tube. In the region of the swirl generator, 

30 fuel, via means which are not shown, is admixed with 
the air fed via a. compressor (not shown) , and thus 
produces a main flow 6, which enters the combustion 
chamber 2 via the tube 7 . A defined mixing section can 
be provided by the tube 7, as a result of which perfect 

35 premixing of fuels of various type is achieved. At the 
transition from the tube 7 to the combustion chamber 2, 
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a central backflow zone 9 forms in the region of the 
burner exit 8 due to the jump in cross section there, 
this backflow zone 9 having the property of a flame 
retention baffle for the premix flame occurring after 
5 ignition. 

Arranged between the swirl generator 1 and the 
combustion chamber 2 in the region of the tube 7 is a 
cavity 3, which is shaped in an annular toroidal manner 
10 and such as to be open toward the interior region of 
the tube 7. In this case, the preferred distance 
between the cavity 3 and the burner exit 8 is to be 
selected to be as small as possible. Pilot-gas nozzles 

4 and secondary-air nozzles 5 are arranged over the 
15 circumference of the cavity 3. By the swirl flow of the 

main flow 6, a secondary flow * 10 is produced as 
congenial swirl flow in the cavity. In the process, the 
pilot-gas nozzles 4 and the secondary-air nozzles 5 
arranged over the circumference of the cavity 3 have an 
20 assisting effect on the secondary flow 10. In this 
case, the pilot-gas nozzles 4 and secondary-air nozzles 

5 are arranged in the cavity 3 at an angle relative to 
the wall of the cavity in such a way that the secondary 
swirl flow is intensified in the best possible manner. 

25 The optimum angle is obtained from the swirl 
coefficient and from the dimensions of the cavity 3 and 
is typically within a range of 30° to 75°. 
In the cavity 3, an air/gas mixture therefore occurs in 
the secondary flow 10, the air coefficient of this 

30 air/gas mixture being formed from the setting 
parameters inflow rate of the pilot gas 4 in the cavity 
3, inflow rate of the secondary air 5 in the cavity 3 
and turbulent exchange with the premixed air/gas 
mixture from the main flow 6. If the air/gas mixture in 

35 the secondary flow 10 lies within a range within the 
rich and lean extinction limits, the mixture ignites. 
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Ignition can normally always be expected, since the 
average retention times in the cavity exceed the self- 
ignition times to be expected. 

The hot jet, produced in this way, of the secondary 
5 flow 10 escapes from the cavity 3 at the downstream end 
11 and is deflected into the shear layer of the 
adjoining jump in cross section. A secondary backflow 
zone 12 is produced by the jump in cross section at the 
burner exit 8 . 

10 The hot. jet of the secondary flow 10 therefore has the 
desired effect there of additionally stabilizing the 
premix flame, which is stabilized at the outer 
secondary backflow zone 12 on the one hand and at the 
inner backflow zone 9, produced by the main flow 6, on 

15 the other hand. In the preferred embodiment, the mass 
flows required for stabilizing the main flame are below 
20% of the total mass flow. 

The congenial swirl flow in the cavity therefore 
permits rapid intermixing of fuel and secondary air. In 

20 .the process, the outer region acts as mixing zone, 
whereas the flame forms in the core region of the 
cavity. A combustion quality which approaches the 
character of premix combustion with very low emissions 
of NOx, CO and UHC is thus achieved in the cavity 3. 

25 The pilot functions may in this case also be effected 
in a conventional manner, that is to say, for example, 
by additional fuel injection into the swirl space of a 
double-cone burner. 

30 The combustion stability in the cavity is independent 
of the flow through the main burner; thus very large 
variations in the air coefficient can be realized with 
this system. 

35 The invention is of course not restricted to the 
exemplary embodiment shown and described. The swirl 
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generator may assume any desired shape and may for 
example be composed of elements other than those 
described above. It is essential that a swirl flow is 
produced. 

5 

List of Designations 
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Pilot-gas nozzles 
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Secondary-air nozzles 
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Main flow 
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Burner exit 
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Backflow zone 
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Secondary flow 
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End of cavity downstream 


20 


12 


Secondary backflow zone 



